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Altered Distribution of Calcium in Facial Epidermis of
Aged Adults
To the Editor:
The distribution of calcium ions in the epidermis has been sug-
gested to be strongly associated with epidermal di¡erentiation
and barrier homeostasis. Calcium induces terminal di¡erentiation
(Watt, 1989), formation of the corni¢ed envelope (Nemes and
Steinert, 1999), and also epidermal lipid synthesis (Watanabe et al,
1998). Menon et al (1994) demonstrated that alteration of calcium
gradation in the epidermis a¡ects the exocytosis of the epidermal
lamellar bodies. Moreover, modulation in the epidermal calcium
was recently found to regulate, coordinately, events late in the
epidermal di¡erentiation that together form the barrier (Elias
et al, 2002).
On the other hand, obvious morphologic alterations are ob-
served in the epidermis with aging (Hara et al, 1993). The average
number of cell layers of the stratum corneum was signi¢cantly
larger in senile xerosis than in the young subjects. Individual ker-
atohyaline granules in the epidermis were much smaller and dis-
tributed more broadly throughout the granular cells in elderly
subjects. Moreover, with aging, skin barrier function becomes
fragile and the recovery after tape stripping becomes slower
(Ghadially et al, 1995). The cause of the morphologic and func-
tional alteration of the epidermis with aging, however, has not
been clari¢ed. In healthy skin, mammalian epidermis displays a
calcium gradient, with low levels of calcium in the basal and spi-
nous layers, followed by an increase in extracellular and intracel-
lular calcium that peaks in the stratum granulosum. On the other
hand, Forslind et al (1999) reported that the distribution of cal-
cium in the skin became abnormally broad with aging. Thus,
we hypothesized that there is an alteration of calcium distribution
in the epidermis. Here, we visualized the distribution of calcium
in the epidermis from young (13, 26, 29, 34 y old), middle aged
(48 y old), and elderly (70, 71, 77, 79 y old) subjects. The experi-
ment for this study was approved by the Human Research Com-
mittee of the Shiseido Research Center in accordance to the
Helsinki Principles.
Samples were obtained during plastic surgery from facial skin
of healthy males and females who gave their informed consent.
Samples were immediately frozen in isopentane-¢lled metal jars,
and kept in liquid nitrogen to prevent redistribution. The frozen
samples were kept at 801C until sectioning.Visualization of cal-
cium was carried out as previously reported (Denda et al, 2000).
Agarose gel (¢nal 2%) contained 10 mg per mL Calcium Green
(Molecular Probes, Eugene, OR) and was spread on the slide glass
with a 50 mm gel thickness.We chose Calcium Green because of
its good sensitivity and stability. A frozen section, 5 mm in thick-
ness, was put on the gel membrane and photographed within a
couple of hours. Fluorescence induced on the gel, which attached
the section. Because of a low di¡usion coe⁄cient, calcium ion did
not di¡use so quickly. Thus, during the ¢rst 2 h, the calcium pat-
Figure1. Distribution of calcium in the epidermis of young (A^D),
middle aged (E), and elderly (F^J) subjects. The letters in the lower
left corner is the age of each subject; and F indicates that the subject was
female and M that he was male. Arrows point to the living layer of epider-
mis. Bars¼ 50 mm. Sampling area, 13F: cheek, 26M: forehead, 29F: forhead,
34M: forehead, 48F: forehead, 70F: cheek, 70M: forehead, 71M: cheek, 77F:
chin, 79F: forehead.
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tern of each sample was not altered.We used an Olympus micro-
scopic system (AH3-RFC, Olympus, Tokyo, Japan) for observa-
tion.The wavelength of the excitation light was 546 nm.We used
a ¢lter for £uorescein isothiocyanate observation. For each obser-
vation, at least ¢ve sections were observed for each sample to
con¢rm the reproducibility.
As shown in Fig 1, in the epidermis of young subjects, calcium
localized in the uppermost granular layer of the epidermis and in
the basal and spinous layer, concentration of extracellular calcium
was not so obvious. This calcium pro¢le agreed to that reported
previously for the normal skin (Mauro et al, 1998; Forslind et al,
1999). On the other hand, in the epidermis of elderly subjects,
calcium was observed throughout the epidermis. The same ten-
dency was observed in the skin of all the elderly subjects in our
study. The calcium pro¢le in the epidermis of the middle-aged
subjects appeared intermediate between that of the young and el-
derly subjects.We treated and photographed each samples equally.
Thus we do not believe the results were in£uenced the grading or
choice of ¢eld to photograph.The resolution of the presently em-
ployed light microscopic technique is indeed lower than that of
ultrastructural cytochemistry (Menon and Elias, 1991) and hence
potential alterations of calcium distribution at the cellular level
could not be evaluated. The underlying cause(s) of the abnormal
distribution of calcium in the aged epidermis is not clear. Pre-
viously we demonstrated that ion gradation generates an electric
potential on the skin surface (Denda et al, 2001).We also showed
that ion pumps (ATPase) and ion channels contributed to the po-
tential (Denda et al, 2001). These results suggest that ion pumps
and ion channels play crucial parts in forming the ion distribu-
tion. Moreover, mutation of the calcium pump of the keratino-
cyte is a cause of Darier’s diseases (Sakuntabhai et al, 1999) or
Hailey^Hailey disease (Hu et al, 2000). These hereditary derma-
toses showed abnormal epidermal di¡erentiation and barrier
function. Decline of the function of ion pumps in the epidermis
could seriously a¡ect epidermal homeostasis. In this study, we ob-
served facial skin. The decline of ion pumps, ion channels, or io-
notropic receptors by photoaging might induce altered calcium
distribution in the epidermis and consequently morphologic
and functional abnormalities seen in aging.
In conclusion, a broad distribution of calcium was observed
throughout the epidermis of the elderly subjects. Alteration of
calcium in£ux through pumps or channels might induce this
and it might be one of the causes of morphologic and functional
alteration of epidermis in the elderly.
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